C oncerns about patient safety were a major reason why duty hour regulations were implemented by the Accreditation Council for Graduate Medical Education (ACGME) on July 1, 2003. 1 Despite reservations that duty hour rules might adversely affect patient outcomes, evidence to date has not demonstrated adverse effects. [2] [3] [4] [5] Two recent studies examining changes in mortality after ACGME reform found some evidence of decreased mortality in teaching hospitals, relative to nonteaching hospitals, among specific subgroups of high-risk patients, 2, 6 whereas a third study found no effects on mortality among Medicare patients after reform. 3 These findings suggest that duty hour reforms either had no effect or a modest favorable effect on mortality.
There is very little evidence to date of the impact of changes in resident work hours on patient outcomes other than mortality. Although duty hour reform might lead to reductions in mortality because of a decrease in residents' fatigue, the benefits of decreasing fatigue might be offset by disruptions in the continuity of care due to additional physician handoffs. [2] [3] [4] [5] Indeed, a recent study evaluating effects of resident work hour limits in New York found increased rates of 2 procedure-related patient safety events (accidental puncture or laceration and postoperative thromboembolism) and no change in the rates of 3 others (foreign body left during procedure, iatrogenic pneumothorax, and postoperative wound dehiscence). 7 Another study found that reducing resident hours in intensive care units resulted in fewer serious medical errors. 8 However, these studies were not based on national samples and the second study was conducted in an intensive care unit with a nurse to patient ratio of 1:1 or 1:2, making discontinuity of care from reduced resident hours less likely to be problematic.
To develop a more comprehensive understanding of the effects of duty hour reform on patient outcomes, we investigated the association between ACGME duty hour rules and patient safety, as measured by the Agency for Healthcare Research and Quality (AHRQ) Patient Safety Indicators (PSIs). The sample included patients hospitalized within the Veterans Health Administration (VA), the single largest provider of residency training in the United States, and Medicare patients hospitalized in short-term, acute-care US nonfederal hospitals. We compared trends in risk-adjusted PSIs among more versus less teaching-intensive hospitals within each setting to examine whether PSI rates changed differentially among these groups postreform. We hypothesized that rates of PSIs related to continuity of care would worsen as a result of more frequent handoffs and increased need for crosscoverage under duty hour regulation. 4, 9, 10 In contrast, we hypothesized that technical skill-based PSIs would improve in teaching hospitals because better rested residents would perform better on activities requiring manual dexterity 11, 12 or finely tuned cognitive activity. 13 These hypotheses were supported by 2 recent surveys of residents that reported that errors due to fatigue improved after duty hour reform; 14, 15 the study by Myers et al also reported that errors due to continuity of care worsened.
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METHODS
The PSIs
The AHRQ PSIs served as the outcome measures. Several recent studies have used the PSIs to identify significant gaps and variations in safety of care, 16 -19 although this is the first study to use them to examine the effects of duty hour reform nationwide. The PSIs were specifically designed to capture potentially preventable events that compromise patient safety in the acute-care setting, such as complications after surgeries, procedures, or medical care. 16 The AHRQ PSI software uses secondary diagnoses, procedures, and other information contained in hospital discharge records to flag hospitalizations with selected, potentially safetyrelated events. The 20 hospital-level PSIs are calculated as rates, defined with both a numerator (complication of interest) and denominator (population at risk) (Appendix 1, http://links.lww.com/A1281).
PSI Composite Measures
Because rates of individual PSIs were generally low, we conducted a principal components factor analysis in both the VA and Medicare datasets to reduce the number of PSIs to a smaller set of empirically-derived but conceptually coherent composite measures. We selected only those PSIs relevant to the VA and Medicare; thus, we excluded the 4 obstetric PSIs. We also focused our analysis on PSIs that represented iatrogenic complications of care. This excluded 2 PSIs based on mortality, death in low-mortality diagnosisrelated groups, and failure-to-rescue, because they measure how well hospitals treat complications rather than how well they prevent complications.
We also excluded 2 PSIs with extremely low frequencies and questionable validity given current diagnosis codescomplications of anesthesia and transfusion reaction. AHRQ has recommended the removal of complications of anesthesia from its "approved" list of PSIs due to concerns about the variability of External Cause of Injury (E) codes across hospitals and states and has also proposed specific ICD-9-CM coding changes that will help restrict transfusion reaction to the most preventable events. 20, 21 Finally, we omitted postoperative hip fracture and decubitus ulcer because the literature indicates that over 70% may be present on admission (POA). 22 At the time of this study, POA codes were not present in either the Medicare or VA datasets. Thus, our final set of PSIs consisted primarily of surgical and procedural indicators.
We extracted 3 factors, consistent across both the VA and Medicare that were linked to certain domains of care. The PSIs loading most heavily on the first factor likely reflect continuity of care in the perioperative setting-postoperative physiologic or metabolic derangement, postoperative respiratory failure, and postoperative sepsis. These PSIs formed our Continuity of Care composite. PSIs reflecting technical skillbased care, including foreign body left in during procedure, postoperative hemorrhage or hematoma, postoperative wound dehiscence, and accidental puncture or laceration, loaded on a second factor. These PSIs constituted a Technical Care composite. Iatrogenic pneumothorax, selected infections due to medical care, and postoperative pulmonary embolism/ deep vein thrombosis (PE/DVT) loaded most strongly on a third factor. This factor was composed of a mix of surgical and medical PSIs, of which the first 2 are frequently related to insertion or management of central venous catheters. From these PSIs, we created the Other composite. We allocated PSIs to composites primarily based on their factor loadings. For example, iatrogenic pneumothorax, which could be perceived as a technical skill-based PSI, was placed instead into the Other composite because it loaded most strongly on this factor. Although factor loadings were generally consistent between VA and Medicare, there were slight discrepancies with 2 PSIs-postoperative PE/DVT and wound dehiscence. We placed these PSIs into composites based on our underlying conceptual framework (Appendix 2, http://links.lww.com/A1281).
Study Sample
The initial VA and Medicare samples were comprised of all admissions from July 1, 2000 through June 30, 2005 to acute-care VA and short-term general nonfederal hospitals, respectively, with data for all 5 years as described in previous work. 3, 6 Additional exclusions specific to each sample are discussed later.
VA Patients
Because VA inpatient data include both acute and nonacute care, we applied a previously developed methodology to distinguish acute from nonacute care. 23 This resulted in 1,018,040 patients with 2,231,472 admissions from 132 hospitals. We further excluded admissions to hospitals outside the United States (n ϭ 41,928), transfers from non-VA hospitals (n ϭ 31,049), admissions spanning July 1, 2003 (n ϭ 6809), admissions with dates of death earlier than their discharge dates (n ϭ 20), and admissions for patients older than 90 years (n ϭ 11,398) because the proportion of such patients treated aggressively may change over time in ways that cannot be observed well with administrative data. These exclusions yielded data from 985,664 patients with 2,140,268 admissions from 131 hospitals. We then ran the PSI software (version 3.0) 24 on these admissions and mapped individual PSIs into the 3 composites.
An index admission was defined as the first admission between July 1, 2000 and June 30, 2005 for which there was no prior admission eligible for the same PSI composite within 5 years. This ensured that each patient would only be represented once within each analysis, although they could appear in more than one composite analysis. Because separate analyses (not shown here) demonstrated that PSIs were more likely to occur in patients' subsequent admissions, selecting the first admission for each patient reduced the possibility of selecting cases for which there would be a higher PSI rate postreform for reasons other than duty hour reform. 3 Using index admissions, the sample decreased to 826,047 patients with 883,664 admissions from 131 hospitals. Since a patient could be represented in more than one composite in any admission, this resulted in 206,772 admissions at risk for Continuity of Care PSIs, 789,257 at risk for Technical Care PSIs, and 806,459 at risk for PSIs in the Other composite.
Medicare Patients
From the initial sample of 21,401,849 patients with 60,096,553 admissions from 3361 acute-care hospitals within the 50 states, we excluded admissions with hospitalizations spanning July 1, 2003 (n ϭ 191,671), admissions with dates of death earlier than their discharge dates (n ϭ 3974), admissions for patients younger than 66 years (n ϭ 11,801,284) to allow for a 180-day lookback, and patients older than 90 years (n ϭ 3,433,617). This resulted in a sample of 16,923,128 patients with 44,666,007 admissions from 3361 hospitals. Similar to the VA, we ran the PSI software, 24 mapped the resulting PSIs into the composites, and selected the first composite admission in the past 5 years for each patient, yielding a final sample of 13, 207 
Risk Adjustment
Risk adjustment was performed according to the Elixhauser method, 25 including all of the original 29 comorbidities except for fluid and electrolyte disorders or coagulopathy. 3, 6 We performed a 180-day lookback to obtain more information on comorbidities before the index hospitalization. To better capture baseline severity, we aggregated paired diagnosis-related groups (DRGs), those with and without complications or comorbidities (to avoid adjusting for iatrogenic events), into 5 risk groups depending on the rates of the relevant PSI composite within each aggregated DRG in the year before the study sample. Risk adjustment also included age and gender.
Data Sources
Data on patient characteristics were obtained from the VA Patient Treatment File and the Medicare Provider Analysis and Treatment File, which include information on principal and secondary diagnoses, age, gender, and discharge status. 3, 6 VA Support Service Center Occupancy Rate Reports provided data on number of beds per facility, and the number of residents at each hospital was obtained from the VA Office of Academic Affiliations. For Medicare, the number of residents and hospitals' average daily census were taken from Medicare Cost Reports.
Teaching Intensity: Resident-to-Bed Ratio
The primary measure of teaching intensity was the resident-to-bed ratio, calculated as the number of interns plus residents divided by the mean number of operational beds. The resident-to-bed ratio has been used to differentiate hospitals of varying degrees of teaching intensity; 26 its validity as a marker of teaching intensity was demonstrated in our previous work. 3, 6 Teaching hospitals were defined as those hospitals with resident-to-bed ratios greater than 0; major and very major teaching hospitals were those hospitals with resident-to-bed ratios of greater than 0.25 to 0.60 and greater than 0.60, respectively. We used the resident-to-bed ratio as a continuous variable to provide more power than dividing hospitals into arbitrary categories. 27 We held the resident-tobed ratio fixed at the prereform year 1 level so that a potential response by hospitals to duty hour reforms of changing the number of residents would not confound estimation of the net effects of the reforms. Resident-to-bed ratios varied little over time. For example, the mean change from prereform year 3 to prereform year 2 was-0.001 in VA and 0.001 in Medicare. 
Statistical Analysis
We used a multiple time series research design, 28 also known as difference-in-differences, to examine whether the change in duty hour rules was associated with a change in the underlying trend in patient outcomes in teaching hospitals, an approach that reduces potential biases from unmeasured variables. 29 This research design compares each hospital with itself, before and after reform, contrasting the changes in hospitals with more residents to the changes in hospitals with fewer or no residents, making adjustments for observed differences in patient risk factors. It also adjusts for changes in outcomes over time (trends) that were common to all hospitals. Thus, temporally stable differences between hospitals and time trends that affect all hospitals cannot be mistaken for an effect of the reform, nor can changes in patient case-mix that are adequately reflected in patient characteristics used in the models. 3, 6 The dependent variables were the 3 PSI composites: Continuity of Care, Technical Care, and Other. We used conditional logistic regression to adjust for patient age, gender, comorbidities, secular trends common to all patients (eg, due to general changes in technology) represented by year indicators, baseline severity (the 5 aggregated paired DRG risk groups from prereform year 4), stratifying on hospital site. Conditional logistic regression has the advantage of allowing hospitals with very few admissions with PSI events to be included in the model, whereas a standard fixed effects model cannot include such hospitals. We used prereform year 1 as the reference group to standardize the comparison because the trends prereform in more versus less teachingintensive hospitals were different in several of the subgroups. The degree of change in PSIs in conjunction with the change in duty hour rules was measured as coefficients of residentto-bed ratio interacted with indicator variables for postreform years 1 and 2. These coefficients, presented as odds ratios (ORs), measure the degree to which the PSI composite rates changed differently in more versus less teaching-intensive hospitals from prereform year 1 to each of the postreform years. Because a resident-to-bed ratio of 1 indicates a hospital with a large number of residents, the implicit scaling of the coefficients that measure the effects of reform describes the effects of reform on a very major teaching hospital. We expected the duty hour reform to have the greatest impact on hospitals with high RB ratios.
We examined the 2 postreform years separately to allow for the possibility that some hospitals implemented work hour changes gradually over time. We tested the stability of the results in both the VA and Medicare by eliminating patients admitted to hospitals in New York State, due to earlier passage of the Libby Zion laws, and by eliminating patients admitted from nursing homes, because such patients may not have been treated aggressively. P values Ͻ0.05 were considered statistically significant. All analyses were conducted with SAS software, version 9.1.
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RESULTS
Compared with Medicare patients, VA patients were younger, more than twice as likely to be men, and had fewer comorbidities on average (Table 1) . Unadjusted rates of the Continuity of Care composite were highest of all the composites, and consistently higher in the VA than in Medicare. Approximately 85% of VA hospitals were teaching hospitals (Table 2) , with more than 61% classified as either major or very major teaching hospitals (resident-to-bed ratio Ͼ0.25). In contrast, 69% of hospitals in Medicare were nonteaching hospitals, and only about 9% were classified as either major or very major teaching hospitals.
There were some differences in the trends of unadjusted PSI rates in hospitals of different teaching intensity from the first prereform year to the last prereform year, but in nearly all of the graphs, the rate of change from the last prereform year to postreform year 2 did not vary across the different teaching intensity groups (Fig. 1) . Within the VA, the unadjusted data suggest a relative increase in the rate of the Continuity of Care composite at nonteaching hospitals between the last prereform year and the first postreform year. Within Medicare, the unadjusted data suggest a relative increase in the rate of the Technical Care composite at very major teaching hospitals during this same time period.
Changes in risk-adjusted PSI composite rates are presented in Table 3 . In the VA, there was no evidence of relative increases or decreases in the odds of PSI events in more versus less teaching-intensive hospitals in either postreform year, for either the Continuity of Care or Technical Care composites. Although the odds ratio for the Continuity of Care composite exceeded 1.0 in both postreform years, the change in the odds of these PSI events in more versus less teaching hospitals was still not significant when a single parameter was used to estimate the pooled postreform effect. The odds of the Other composite increased in more teachingintensive hospitals, relative to less teaching-intensive hospitals, from the last prereform year to postreform year 2 (OR, 1.63; 95% CI, 1.10 -2.41). Although a 63% increase in the odds of PSIs in this composite seems large, it implies a very small change in the absolute probability of these PSI events based on the composite's baseline rate of 0.46%. Results for all 3 composites were qualitatively similar when we excluded patients admitted to hospitals in New York State or patients admitted from nursing homes. Finally, to ensure that the composites were not masking some variation in the individual PSIs, we repeated the regression analyses used for the composites with the individual PSIs. Trends for the individual PSIs were generally similar to overall trends in the VA (data not shown).
In Medicare, as in the VA, there was no evidence of relative changes in the odds of Continuity of Care PSI composite events in more versus less teaching-intensive hospitals in either postreform year. However, unlike VA results, there was a relative increase in the odds of Technical Care PSI composite events in more versus less teaching-intensive hospitals between the last prereform year and postreform year 1 (OR, 1.12; 95% CI, 1.01-1.25) but not in postreform year 2 (OR, 1.09; 95% CI, 0.98 -1.21). The absolute change associated with this odds ratio was again very small. Contrary to the VA results for the Other composite, there was no significant change in PSI rates in more versus less teachingintensive hospitals between prereform and either of the postreform years in Medicare. The stability of these results was upheld when our additional exclusion criteria were applied.
DISCUSSION
We found no systematic effect of resident duty work hour reform on potentially preventable safety-related events as measured by the AHRQ PSIs. Although we hypothesized Medical Care • Volume 47, Number 7, July 2009 Impact of Duty Hour Reforms on Safety that rates of PSIs related to continuity of care would worsen due to more handoffs and increased reliance on cross-cover arrangements, this did not seem to be the case among either VA or Medicare patients. We also had hypothesized that rates of technical-skilled PSIs would improve due to reduced fatigue among residents. However, there were no differences in the rate of change in this composite between more versus less teaching-intensive hospitals in the VA. Although we did see an increase in postreform year 1 in the odds of the Technical Care composite among Medicare patients in more versus less teaching-intensive hospitals, this increase was small in magnitude and no longer significant in postreform year 2. However, we saw higher rates of events in our Other PSI composite in more teaching-intensive hospitals, relative to less teaching-intensive hospitals, in postreform year 2 in the VA. Because the absolute difference in risk was small and limited to the VA, this finding should be interpreted cautiously and in the context of our previous work, which suggested no systematic changes in mortality. 3, 6 There may be several explanations for the lack of any systematic change in the rates of PSIs. First, our original conceptual framework linking specific PSIs with broad domains of care may have been incorrect. Second, interventions intended to reduce physician work hours may have had unanticipated negative effects on nursing care, especially within the VA system, perhaps by reducing the availability of physicians for interdisciplinary communication or by imposing more ongoing burdens on nurses. Third, although residents may get more sleep, increased handoffs could have offsetting negative effects. Fourth, the duty hour reform still allowed 30 hours of continuous work, making residents prone to acute sleep deprivation. Finally, compliance may not have been high, 31 although the data on this are limited. Our study is the first national study to examine the association between duty hour reform and patient safety and to compare the degree of change across national samples of Medicare and VA patients. Other studies have found beneficial effects of reduced resident work hours primarily from direct observation of residents or self-report from frontline providers. 5, 14, 15 Our study eliminates some of the methodological limitations found in other studies by comparing findings across federal and nonfederal hospitals, including data for 3 years prereform and 2 years postreform, utilizing indicators of patient safety developed specifically to capture potential safety-related events, and using a difference-in-differences approach to reduce the likelihood of confounding.
Despite the strengths of this study, there were limitations. We did not have clinical data for risk adjustment, limiting our analyses to administrative data, which lack clinical detail and are subject to variability in coding practices across providers. 16, 17 However, our difference-in-differences analysis essentially treated each hospital as its own control, factoring out interhospital differences in coding that were consistent over time. Nonetheless, a potential limitation with all difference-in-difference studies is unmeasured confounding due to contemporaneous interventions that may have differentially affected teaching or nonteaching hospitals. Another limitation was related to power. Despite using all available data for both the VA and Medicare as well as aggregating individual PSIs into composite measures because of the low prevalence of individual PSIs, 16 our confidence intervals were still relatively wide, particularly in the VA. An odds ratio in this table describes the difference in the pre-to post-reform change in risk between a hospital with a resident-to-bed ratio of 1 and a hospital with a resident-to-bed ratio of 0.
The We were also limited in our ability to measure patient safety using administrative data. Although the PSIs are standardized; demonstrate face, content, and predictive validity; 16, 32, 33 and have been applied to numerous data sets, 22, 34, 35 their criterion validity has not yet been established. It is possible that the PSIs are not sensitive enough to detect changes over time. The few published studies examining the criterion validity of the PSIs have been limited by small sample sizes or lack of a true gold standard. 34 -39 A recent study examining the criterion validity of 5 of the surgical PSIs in the VA found moderate sensitivities (19%-56%) and positive predictive values (PPVs) (22%-74%). 40 Postoperative respiratory failure and postoperative wound dehiscence had the highest PPVs (74% and 72%, respectively) of all PSIs examined. Two current studies 41, 42 are examining the criterion validity of the PSIs; one study recently reported PPVs ranging from 40% for postoperative sepsis to 90% for accidental puncture or laceration. 43 The addition of POA codes, which were added to Medicare data last year but have not yet been added to VA data, will help improve PPV in future applications.
MEDICARE CONTINUITY OF CARE PSI COMPOSITE UNADJUSTED RATES BY ACADEMIC YEAR AND TEACHING INTENSITY
These results, along with recent endorsement by the National Quality Forum of 4 PSIs (accidental puncture or laceration, iatrogenic pneumothorax, foreign body, and postoperative wound dehiscence), 44 suggest that some of the PSIs, such as those in our Technical Care composite, may be ready to use in examining the effects of policy reforms over time. Poulose et al also used the PSIs to evaluate a previous effort to reduce resident work hours, but they found worsening trends in accidental puncture or laceration and postoperative PE/DVT after implementation of work hour limits in New York State. 7 Our findings related to the impact of work hour reform nationally are more reassuring.
At present, however, the PSIs are still regarded by both AHRQ and the user community principally as screening tools to flag potential safety-related events rather than as definitive measures. 45, 46 We also view the PSIs as indicators of potential safety-related events, 32,40 -43,47,48 although their advantages in using administrative data make them attractive relative to other measures of hospital-safety performance. No easily-obtainable, objective, alternative measures of hospitalsafety performance currently exist. 49 In conclusion, our study showed that implementation of the ACGME duty hour rules did not have an overall systematic impact on potential safety-related events in more versus less teaching-intensive hospitals. These findings do not suggest, however, that implementation of duty hour reform was a mistake. Rather, they highlight the importance of obtaining a more comprehensive understanding of what approaches to implementation have worked best and the mechanisms by which outcomes for some programs improved and others worsened. To improve safety, further study is needed to assess which interventions best minimize the negative effects of physician handoffs while maximizing the benefits of reduced fatigue. Gathering data on the contribution of different system-level approaches to duty hours, such as night floats, shift work, mandatory naps, or greater use of hospitalists and physician extenders, will help to inform future resident work hour reform efforts. 50 Nonetheless, the question of how to optimally regulate resident duty hours will continue to provoke debate, and this will likely persist until we can demonstrate improvements in outcomes of care rather than maintenance of the status quo.
